Patient admission into the intensive care unit (ICU) usually mandates the performance of multiple interventions. It has been estimated that the 'average' ICU patient requires 178 individual interactions per day 1 . These interactions range from insertion of endotracheal tubes, central venous catheters (CVC), intra-arterial lines, nasogastric tubes and indwelling urinary catheters to physical manoeuvres such as positioning the patient and medication administration. These invasive interventions, while necessary for patient care, are not without risk. Securing catheters and tubes is of immense importance to prevent accidental removal, as reinsertion after accidental removal is frequently required in most situations, which is resource intensive and not without complications.
Given the potentially life threatening complications associated with accidental removal and the risks involved with reinsertion, it is somewhat surprising that data related to incidence and risk factors, particularly in an Australasian setting, are limited [2] [3] [4] [5] . Only two studies have been conducted in the last decade and in this period there has been, at least anecdotally, a move away from the securing of catheters with sutures [6] [7] [8] . There has been a drive towards sutureless securement devices following the lead from the federal legislation in the US which mandates the use of needle-less devices to reduce the risk of needle stick injury 8 . Also, studies done in paediatric ICU patients by Schears 9, 10 and colleagues have reported a reduction in unplanned removal with sutureless securement devices. The additional purported advantages also include the potential to minimise needle stick injuries in health-care professionals, and a reduction in the rates of phlebitis, catheter occlusion and blood stream infection 11 .
There is also a paucity of information on incidence of accidental vascular catheter removal (AVCR) in delirious patients. Delirium is defined as a disorder of consciousness characterised by acute onset and fluctuating course of inattention accompanied by either a change in cognition or a perceptual disturbance so that a patient's ability to receive, process, store and recall information is impaired 12, 13 . Delirium can develop acutely (hours to days) and occurs frequently in the critically ill, particularly amongst elderly patients 14 .
While delirium is a predictor of numerous complications, such as increased length-of-stay, increased time on ventilator and increased re-intubation rates [15] [16] [17] there is no data evaluating whether delirium is a risk factor for AVCR in an Australasian setting.
AIMS AND OBJECTIVES
The aims of this study were to determine the incidence of AVCR in a single tertiary-level ICU, to evaluate whether delirium and/or securement device (sutures versus suture-less) increased the risk of AVCR and to evaluate whether vessel type (arterial versus venous) affected AVCR.
MATERIALS AND METHODS

Ethics
Ethical approval for this study was obtained from the Royal Adelaide Hospital Human Research Ethics Committee. Because of the observational design consent was not required (Approval Number: 110819).
Setting
The study was conducted between April 2011 and October 2012. All patients admitted to the Royal Adelaide Hospital ICU were screened. Patients were eligible if they had an invasive vascular device. Patients who were likely to spend less than 24 hours in ICU were excluded.
The Royal Adelaide Hospital is a 650 bed tertiary referral centre affiliated with the University of Adelaide. The ICU, catering to medical, surgical and trauma patients, is accredited as a C 24 unit (core training for 24 months during the 36 months of advanced level training for trainees) by the College of Intensive Care Medicine for training in the specialty and is graded as a Level 3 ICU. It is a 34 bed unit of which 24 cater to high level intensive care with 1:1 nursing and the other 10 being highdependency beds with 1:2 nursing. All patients were cared for by intensivists who are credentialed and certified in critical care medicine and by registered nurses and clinical nurse specialists who have postgraduate qualifications in critical care.
Study design and participants
The central venous and arterial catheters were secured by 1/0 silk sutures or by a suture-less securement device (STATLOCK™, Bard Medical, Covington, GA, USA). The decision regarding the method used to secure the device was left solely to the discretion of the physician inserting the catheter. The percutaneous entry sites of catheters and drainages were carefully examined and cared for every day by the ICU team (nurse and intensivist) assigned to the patient.
Prior to commencing the study, nursing and medical staff received refresher education regarding the delirium scoring systems (the Richmond Agitation and Sedation Score and the Confusion Assessment Method-ICU (CAM-ICU)) [18] [19] [20] , as well as appropriate usage of sedatives and analgesic agents.
The CAM-ICU score was recorded daily by the ICU registrar/resident medical officer working under the supervision of the intensivist. The case report form was filled by the bedside nurse only if the patient had a removal of a vascular catheter (either accidental or scheduled). In those patients who had accidental removal, the case note entry was checked for a preceding diagnosis of delirium.
Instruments
Sedation was considered appropriate when the patient was asleep, but responded to mild physical stimulation (Richmond Agitation and Sedation Score 0 to -1). The CAM-ICU score was recorded everyday by the ICU registrar/resident medical officer working under the supervision of the consultant intensivist. Soft shackles were used when necessary by the nursing staff with the permission from the intensivist. In agitated patients, nurses were vigilant to ensure that the patient's hands were not near the catheter or tubes. During the period of observation the unit policy was to have a very high threshold for using physical restraints in agitated/ delirious patients, unless a medical officer deemed it was absolutely essential for ensuring patient and staff safety.
Data Collection
These data were recorded by the bedside nurse and subsequently transcribed into electronic format for analysis. To ensure that the recorded data was of high fidelity, two teams of staff collected and reviewed the reports. Data collected included age, sex, diagnosis, ICU admission and discharge dates, catheter placement and removal dates and cause of catheter removal (scheduled or accidental). The Acute Physiology and Chronic Health Evaluation II score was calculated to estimate severity of illness. A total of 2361 patients were admitted to the ICU complex, including the high dependency unit, between April 2011 and October 2012.
One thousand and thirty-two patients were able to be screened only when the relevant authors were available to record information.
Statistical Analyses
Statistical analyses were performed using SAS Version 9.3 (SAS Institute Inc., Cary, NC, USA) by an independent statistician. Associations between AVCR and line type (CVCs versus arterial catheters), suture-less securement device, CAM-ICU positivity, catheter length-ofstay and ICU length-of-stay were investigated using separate univariate logistic generalised estimating equations. The generalised estimating equations approach was chosen so as to account for patients with repeated stays in the ICU. Associations were described using odds ratios and 95% confidence intervals. Length-of-stay of the catheter was adjusted for in all statistical models to control for potential confounding by this variable (since a longer length-of-stay may be associated with greater odds of having an AVCR). Variables (age, Acute Physiology and Chronic Health Evaluation II, catheter length-of-stay and ICU length-of-stay) were skewed and therefore were described as median and interquartile range. A P value < 0.05 was consi-dered significant. 
RESULTS
Patient characteristics
During the study period there were 1032 patients screened with data available for 322 patients, with a total of 452 catheters inserted (2273 catheter days). Of the 322 patients, 214 were in ICU (1:1 nurse ratio) and 108 in the high dependency unit (1:2 nurse ratio). Of the patients in ICU, 160 received invasive mechanical ventilation. Two-thirds of the vascular catheters were arterial. Just over 50% of these lines were sutured and the rest were secured with STATLOCK™ . (Figure 1 ). There were a total of 16 accidental catheter removals in this cohort (5% of patients with a vascular catheter) with an incidence of AVCR of 2.77 per 100 catheter-days.
Determinants of accidental catheter removal
Determinants of accidental catheter removal are presented in Table 1 . Patient gender, age and severity of illness were not associated with an increased risk of accidental removal (P=0.19, P=0.11, P=0.75 respectively). The catheter and ICU lengthof-stay were similar in both the groups (P=0.15 and P=0.51) and there was no association between AVCR and catheter length-of-stay and ICU length-of-stay (P 0.46, P 0.42).
Impact of delirium on the incidence of accidental catheter removal
After adjusting for line type and for a given fixation method, CAM-ICU positivity was associated with a 13.3 fold (95% confidence interval 4.36, 40.52; P=0.001) increase in the rate of AVCR (Figure 2 ). However, in delirious patients the risk of AVCR was not increased in those patients who had the catheter secured with a STATLOCK™ (odds ratio=1.04; 95% confidence interval 0.26, 4.21; P=0.95).
Subgroups of vascular catheters and the method of securement
When securing CVCs and arterial catheters that were inserted into the femoral vein/artery, a preference for suturing was apparent (CVCs: femoral 81% versus 55% jugular versus 44% subclavian; P=0.01) and (arterial: 72% femoral versus 67% brachial versus 40% radial; P <0.0001). There were no statistically significant differences between CVCs and arterial catheters in those groups of patients who had an AVCR (P=0.87; P=1.00) ( Table 2) . There was a non-significant trend to increased AVCR when using suture-less securement (Figure 2) .
Subgroups of vascular catheters and the location of the patient
There was a statistically significant difference in the number of CVCs used in ICU compared to high dependency unit (100 versus 52, P<0.0001). There was no statistically significant difference in the number of arterial lines used (244 versus 56, P=0.15). There was no statistically significant difference between ICU and high dependency unit in those group of patients who had an AVCR for CVCs and arterial lines (P=0.18; P=0.29).
DISCUSSION
The primary observation of this study was that AVCR occurs not infrequently and delirium appears to be a substantial risk for AVCR to occur. However, the use of sutures did not significantly reduce the risk of AVCR and there was no difference in the removal rate between central venous and arterial catheters. In this study the use of suture-less securement did not seem to increase the risk of AVCR. However, there was a non-significant trend towards increased AVCR when using suture-less securement devices, which may reflect a ß error.
There has been recent increase in enthusiasm for securing lines using suture-less securement devices [7] [8] [9] [10] [11] , particularly in the United States 21 , and similar legislation is being considered in Australia 22 . It is intuitive that delirious patients in the ICU are more likely to remove vascular catheters but, to the best of our knowledge, this has not been previously documented. Based on the magnitude of increased AVCR risk associated with delirium it seems prudent to screen patients for delirium prior to transfer to a lower nurse-ratio area (e.g. prior to transfer from 1:1 to 1:2 and again from 1:2 to 1:4 to 6). It had been anticipated that patients were more at risk of AVCR if they were managed in a setting with a lower nurse-ratio, however this did not occur. It had been anticipated that delirious patients were more at risk of AVCR if the catheter was secured with a sutureless securement device (STATLOCK™), however this did not occur.
The lack of protection with sutures may reflect that a delirious patient who tries to remove a catheter will be equally 'prevented' by sutures or a properly applied suture-less securement device 9 . Alternative explanations include the local approach in caring for patients with delirium mitigated risk and/or the subgroup of patients who were CAM-ICU positive was an insufficient cohort to detect an effect.
The incidence of accidental catheter removal was 2.77 per 100 catheter days, which was slightly greater when compared to previously published overseas data (2.02 per 100 catheter days) 4 . This may reflect that during this observation period the ICU was moving away from securing devices with sutures to sutureless securement and represents a learning curve with the newer approach. There were no differences between various arterial and CVC sites when it came to accidental removal which was different to previous studies wherein it had been shown that the incidence of accidental removal was less with femoral arterial access compared to radial arterial access 2 .
To our knowledge this is the first study looking at the incidence of accidental catheter removal in an Australasian ICU setting, particularly in the context of delirium, and the impact of suture-less securement devices on AVCR. As a prospective cohort study, these variables show a strong association between delirium and AVCR in a relatively heterogeneous patient population more illustrative of patients hospitalised in an intensive care environment.
Potential limitations include the observational study design and that suitable data were available only in a proportion of patients. Even in the group of patients in whom the data on accidental removals was collected, we did not have information on how the accidental removal happened (i.e. the patient removing their own catheter or caused by iatrogenic factors related to movement of patients for physiotherapy, nursing care, etc…). Identification of the mechanism of accidental removal could be an area of future research.
The other potential limitation could be that this was a single centre study, so it may not be generalisable to other hospitals. A large, well-designed randomised controlled trial would address these limitations. However, this is likely to reflect practice in other large public hospitals, which would work under the vagaries of limited staffing and resources.
IMPLICATIONS
The major finding of this study, being the strong association between delirium as documented by a positive CAM-ICU score and accidental catheter removal, has significant implications when managing patients with delirium. Screening for delirium and assessment of delirious patients have to be done carefully, mindful of the fact that these patients are at risk of accidental catheter removal which could be deleterious.
CONCLUSION
AVCR occurs not infrequently in a large tertiarylevel public hospital ICU. The risk of AVCR is significantly higher in delirious patients but, in this study, the use of suture-less securement devices did not increase this risk. AVCR should be anticipated in delirious patients and a proactive strategy to minimise its occurrence is recommended.
